1. Introduction {#sec1}
===============

Knowledge of host-feeding pattern and resting behavior of mosquito vectors are important for understanding the host-vector relationship and dynamic of disease transmission and for development of control strategies \[[@B13]\]. It has been observed that vector density and malaria transmission intensity display similar patterns in relation to environmental conditions such as rainfall and spatial and seasonal heterogeneity among shelters \[[@B15]--[@B23]\].

However, in spite of more than 45 years malaria-control programming, malaria remains prevalent in southern and southeastern Iran. During the last six years, 15000 to 25000 cases have been reported each year in Iran and more than 85% of them occurred in the south and southeast of Iran (Department of communicable Disease Control). The current annual parasite index (API) is 7 per 1000 inhabitants in the endemic area \[[@B29]\]. Several factors, such as presence of insecticide resistance among vectors \[[@B8]\], parasite drug resistance \[[@B9]\], and socioeconomical problems and population movement \[[@B29], [@B4]\], have made eradication in this area so difficult. *Anopheles stephensi*, *An. culicifacies,*and *An. fluviatilis* are considered to be primary vectors of malaria in the south and southwest of Iran \[[@B39], [@B20]\] as well as Indo-Pakistan subcontinent and countries around the Persian Gulf. In some parts of India, these species are responsible for malaria transmission because of their abundance and their potential anthropophily \[[@B16], [@B27]\]. Anthropophily index (AI) is defined as percentage of blood smears having human blood and is a key factor regarding malaria transmission and may be influenced by abiotic factors, \[[@B28]\], genetics \[[@B5]\], and host behavior. In addition, high densities of mosquito vector enhance vectorial capacity of each species. For example, several epidemics of malaria occurred in southern Iran when the population of *An*. *stephensi* was very high \[[@B18]\]. There is a correlation with density of *An. stephensi*, but not with *An. fluviatilis* for transmission of malaria in Uttaranchal province in India \[[@B28]\], while in Orissa, India, a positive correlation between anthropophilic index of *An. fluviatilis* and the positive malaria cases have been found \[[@B27]\]. The human blood index (HBI) is the proportion of blood smears from a single anopheline species that is positive for human blood \[[@B36]\]. This index is an essential variable in epidemiological investigations of vector-borne diseases such as malaria and also, needed to assess the vectorial capacity of each vector population \[[@B6]\]. A study has been conducted on HBI of malaria vectors based on some environmental factors in Kahnouj district, Southern Iran \[[@B2]\] which showed that *An. fluviatilis*was responsible for maintaining malaria in highland areas. This species also showed high propensity for humans during the warm season in highland Kahnouj district in the south of Iran. However, two studies have been carried out to optimize ELISA and its applicability for identification of anthropophily of malaria vector in Iran \[[@B11], [@B10]\].

Generally endo/exophilic behavior of mosquito is defined based on resting sites of females mosquitoes in indoor or outdoor places after blood feeding. Resting behavior is a very important variable for planning of mosquito control.

Nevertheless, many developmental modifications have been occurred in the south and southeast of Iran, such as changes in construction of buildings, use of air-conditioning by households, and consequent changes in sleeping behavior of the inhabitant. Mosquito vectors are still able to feed on residents and transmit malaria every year. Therefore, to determine potential of malaria vector biology, dynamics, and to evaluate the risk of malaria transmission, this study was conducted in ten villages situated in mountainous/hilly and plain areas in south and southwest Iran during eleven months and mosquitoes were collected from indoor and outdoor resting places. The human blood index (HBI) among different vectors was determined monthly and compared with seasonality of *Anopheles* spp.

2. Material and Methods {#sec2}
=======================

2.1. Study Areas {#sec2.1}
----------------

Geographical characters: the study was carried out in south and southeast of Iran from September 2007 to July 2008 where malaria is still endemic ([Figure 1](#fig1){ref-type="fig"}), and based on malaria incidence and entomological indices, [ten indicator]{.ul} villages were chosen in two malarious provinces, Hormozgan and Baluchestan. The area is bordered on the north by Zagrus and Mahran mountain ranges, and along the shores of Oman Sea to the south ([Figure 1](#fig1){ref-type="fig"}). It is geographically located between latitude 27°50′-26°45′ N and longitude 56°00′-61°60′ E. Generally, the area comprises mountainous, hilly regions in the north, with plains and coastal regions in the south. The coastal and plains regions have a damp subtropical climate but mountainous/hilly regions have a milder climate. Generally, in the coastal/plain regions, the temperature reaches 35--40°C during Summer and near 10°C during Winter. In highland regions, the maximum temperature was 35°C and rarely reached to near 0°C during Winter. In spite of climate variation in the hilly and plain areas, the vectors are present and active in both areas but based on seasonal climate condition, their seasonal activities are varied. Usually, after Winter/Spring begins in south and southern Iran (February, March, and April) and fetches optimum temperature for increasing population of mosquitoes (ranging from 22°C to 30°C), once again after Autumn (September and October) the temperature reaches to optimum condition for mosquito populations to growth.

The water sources as breeding places are permanent and temporary rivers, wells Springs, ponds, and pools. The annual rainfall ranged from 80 to 100 mm. The rainfall occasionally received during begging of Summer and Autumn due to monsoon from southeast winds or occurs during Winter due to north winds. Malaria is not equally distributed in south and southeastern of Iran and depending on situation of each area the annual parasite index (API) is varied. Overall in the study areas, annual parasite index (API) was 5.51 per 1000 population in Baluchestan and 3.76 per 1000 population in Hormozgan, respectively, during the study period and the peak period of occurred between May and October, during which nearly 87.4% of the annual malaria cases were reported (Department of CDC, Malaria control section, Ministry of education and Health, personal communication).

Dwellings were generally constructed of mud and blocks, mostly without screens on windows and doors. The sheds of domestic animals were built close to human habitation and were generally made of mud with straw on the roof or were covered completely with straw and palm leaves. Cow, goat, sheep, and donkey are most common domestic animals in Hormozgan and Baluchestan provinces. The ratios of cow  :  human was \~0.7 : 2.3, sheep or goat  :  human \~5.1 : 1 and donkey  :  human \~0.3 : 1, respectively (Iran Veterinary Organization, personal communication).

The villages were also supplied with electricity and the majority of inhabitants\' living rooms were equipped with air-conditioning, which changed their sleeping behavior in Summer. During Winter, the native inhabitants generally slept inside their houses without any protection against mosquito bites, and during mild seasons, they shift outside to sleep but many households did not use bed nets.

2.2. Mosquito Collection {#sec2.2}
------------------------

Mosquito collections were standardized as fully described by WHO \[[@B37]\]. During the 11 months, mosquitoes were collected from six indoor and four outdoor shelters in each village as follow.

*Indoor Collections.* The mosquitoes were collected from human dwellings and sheep or cattle sheds by pyrethrum space spray method as fully described by Service \[[@B32]\] and WHO \[[@B37]\]. Briefly, before spray, all the eves, windows, doors, and other exit points in each indoor shelter were closed and then white cloth sheets were spread on the floor. Pyrethrum extract (0.2% in kerosene) was sprayed in the entire space of the room and the room was closed for 15 minutes. After 15 minutes, all the knocked-down insects lying on the cloth sheet were collected carefully with the forceps and placed in petri dishes lined with moist filter paper and brought to the laboratory for further studies. The time of application in each village was early in the morning and during sunrise between 0530 and 0730 h.

*Outdoor collection* Using Natural or Artificial Shelters. Natural shelters inside and around the indicator villages were periodically searched during early morning and mosquitoes were collected using sucking tube and torch light. In addition, artificial shelters at size of 120 × 120 × 150 centimeters were dug into the ground dimension between feeding place and breeding sites. The mosquitoes were then captured using sucking tube and touch. All mosquitoes were identified based on species keys of Smart \[[@B33]\] and all details of the shelters including kind of habits, temperature, humidity, and date and time of collection were recorded on forms. In addition, collected female mosquitoes were graded to abdominal conditions in each sampling technique as described by WHO \[[@B37]\]. Generally, endo/exophilic behavior of each mosquito species was categorized based on abdominal appearance of the collected mosquitoes as follows. The gravid (G) and/or semigravid (SG) appearance of the female abdomen demonstrate as resting stages of female mosquitoes, and the females with unfed (U) and freshly fed (F) guts are indicative of the seeking stages (seeking for blood meal or resting places). Therefore, ratio of the resting stages classified as tendency to rest in indoor or outdoor places.

Subsequently, blood meal of freshly fed female Anopheles spp. was transferred on a filter paper by squashing the engorged abdomen on the paper. Papers were sealed in plastic pages and kept in −20°C until examined using ELISA.

2.3. ELISA Test {#sec2.3}
---------------

Samples were subjected for ELISA as described by Edrissian and Hafizi \[[@B11]\]. Briefly, the dried spots of blood meal were cut out and each put in a well of a micro ELISA plate (NUNC Co, Denmark) and then eluted with distilled water and subsequently a coating buffer (carbonate bicarbonate, pH 9.6) was added. The disc of filter paper was removed and each plate was washed three times with phosphate buffered saline-Tween 20 (pH 7.2). Then 50 *μ*L of antihuman IgG conjugated to alkaline phosphatase were added each well, incubated at 37°C for 2 hr and washed as before. Then 100 *μ*L of substrate solution (1 mg/ml P-nitrophenyl phosphate, Sigma, in 10% diethanolamine buffer pH 9.8 containing 0.5 mmol MgCl2 and 0.02% NaN3) was added to each well and left in a dark chamber at room temperature for 30 min. Finally, the results assessed subjectively by examination with the naked eye or ELISA reader at 405 nm about 30 min after the addition of the substrate solution.

2.4. Data Analysis {#sec2.4}
------------------

The data entry was done in Microsoft Excel 2000 and analysis was carried out using statistical package for social science (SPSS) version 10 programme. A *Z*-test was applied to determine differences in anthropophilic index of anophelines in indoor/outdoor places.

3. Results {#sec3}
==========

In total, 7654 female Anopheles spp. including 1330 blood meal fed were captured. The most common species were *An. stephensi* (*n* ~total~ = 3411, *n* ~indoor~ = 2895, *n* ~outdoor~ = 516), *An. culicifacies* (*n* ~total~ = 1370, *n* ~indoor~ = 1115, *n* ~outdoor~ = 255), *An. fluviatilis*(*n* ~total~ = 1071, *n* ~indoor~ = 888, *n* ~outdoor~ = 183), and *An. d\'thali*(*n* ~total~ = 1764, *n* ~indoor~ = 1554, *n* ~outdoor~= 210). In addition, 38 females of *An. pulcherrimus*(*n* = 9), *An. superpictus* (*n* = 18), and *An*. *turkhudi* (*n* = 11) were captured, of which only a few were freshly fed and eligible for ELISA examination. Among four dominant vectors, 84.7% (*n* = 6452) were captured from indoor resting places and 15.3% (*n* = 1164) from outdoors. The overall, 1320 females were freshly fed and 302 (22.7%) of them positive for human blood. The overall AIs were 19.8%, 16.4%, 37.5%, and 30.1% for *An. stephensi*, *An. culicifacies*, *An. fluviatilis,* and *An. d\'thali,* respectively. The AIs were 5.4%, 2.7%, and 10.4% for *An. stephensi*, *An. culicifacies*, and *An. fluviatilis,* respectively, of the resting populations collected in outdoor shelters whereas it was 14.4%, 13.7%, 27.0%, and 30.1% for *An. stephensi*, *An. culicifacies*, *An. fluviatilis,* and *An. d\'thali,* respectively, for resting populations in indoor shelters ([Table 1](#tab1){ref-type="table"}).

Variation in AIs of *An. stephensi* between indoor and outdoor populations is statistically significant (*Z* = 1.64, *P* \< .01). Similar variation was observed between indoor and outdoor populations of *An. fluviatilis* (*Z* = 2.63, *P* \< .01) but there was no significant variation in AIs of indoor and outdoor populations of*An. culicifacies* (*Z* = 1.90, *P* \> .05). Overall, four species preferred animal sheds more than human houses so that the majority of human blood fed anophelines were captured in animal sheds. Analysis of AIs revealed that population of *An. stephensi* (*Z* = 1.64, *P* \< .01), *An. culicifacies* (*Z* = 1.64, *P* \< .01), *An. fluviatilis* (*Z* = 1.64, *P* \< .01), and *An. d\'thali* (*Z* = 1.64, *P* \< .01) significantly used animal sheds after feeding on human blood.

Though very abundant, *An. stephensi* had a relatively low (19.8%) while the less abundant *An. fluviatilis* had a high anthropophilic index (37.5%). *An*. *culicifacies* had the lowest anthropophilic index among four species. The majority of *An*. *d\'thali* were captured in indoors rather than outdoors due to high sensitivity of this species to torch light and difficulty to capture with sucking tube ([Table 1](#tab1){ref-type="table"}). This species showed anthropophilic index and also rest in animal shelters.

In addition, female mosquitoes were graded according to abdominal conditions collected indoors and outdoors. The gravid (G) and/or semigravid (SG) appearance of the abdomen demonstrate as resting stages, while the female mosquitoes with unfed guts (U) and/or freshly fed (F) are indicative of the seeking stages. The ratio of resting stages to seeking stages for *An. stephensi* showed that this species had a greater tendency to rest inside (G, SG/E, F = 4.4) rather than outdoors (G, SG/E, F = 2.9). *An. fluviatilis* had a low proportion for endophilic behavior (G, SG/E, F = 2.2) and its preference for resting outside (G, SG/E, F = 7.3) was five times more than *An*. *stephensi* and nearly two times more than *An*. *culicifacies*([Table 2](#tab2){ref-type="table"}). *An*. *culicifacies* showed slightly more exophilic behavior (G, SG/E, F = 5.5) than endophililc (G, SG/E, F = 3.0). Though the majority of *An. d\'thali* was collected in indoor shelters, resting tendency to outdoor (G, SG/E, F = 6.8) was more than indoors (G, SG/E, F = 2.4).

The seasonal activities and monthly AIs for the four species are presented in [Figure 2](#fig2){ref-type="fig"}. The feeding on human and as well as seasonal activities showed different pattern. *An. stephensi* reached its greatest abundance at the end of Winter, followed by an increasing AI ([Figure 2(a)](#fig2){ref-type="fig"}). In contrast, the anthropophilic index for *An*. *culicifacies* was not correlated with abundance ([Figure 2(b)](#fig2){ref-type="fig"}). Generally, *An*. *culicifacies,* even at its greatest abundance were less likely to feed on humans than *An*. *stephensi*. The AI for *An. fluviatilis* were higher during the entire year and their numbers indoor places was high during Winter and reached to maximum in March ([Figure 2(c)](#fig2){ref-type="fig"}). The AI of *An*. *d\'thali* was generally synchronized with its seasonal abundance and was lowest during cold weather ([Figure 2(d)](#fig2){ref-type="fig"}). These four species exhibited different seasonal patterns of feeding on humans.

4. Discussion {#sec4}
=============

The present survey revealed that the feeding pattern of four anophelines was varied and also highly depended on seasons changed. In addition, the correlation between mosquito population size and anthropophilic index was different among four vectors. Moreover, in spite of that four species fed on human blood, the mosquitoes prefer animal shelters to rest which this vectors behavior should be highlighted for programs of vector control such as IRS (indoor residual spraying).

However, environmental impacts as well as host availability affect on anophelines behavior and blood feeding pattern \[[@B22]\]. As results obtained are presented in [Table 1](#tab1){ref-type="table"}, the abundance of mosquitoes fed on human blood was higher in animal shelters than those in human places. This may indicate that these mosquitoes have tendency to rest in animal shelters after feeding on human to complete their gonotrophic cycle. Traditionally, the residents in Hormozgan and Baluchestan areas do not used mosquito net when they sleep in indoor places and this behavior give an opportunity to mosquitoes for feeding on human. However, there is possibility that mosquitoes feed on human in indoor or outdoor places and rest in animal shelters as this behavior was reported in some African species such as *An. arabiensis* \[[@B17]\] or *An. gambiae* \[[@B34]\] where the vectors fed on humans in indoor and rested in animal shelters.

In the present survey, the combination of mosquito collection from indoor and outdoor places with individual bias towards different vector species helped us to know more about the behavior diversity and densities of the species as well as changing in their blood feeding behavior. We also found that, throughout the study area, *An*. *stephensi* was the most dominant species. This species has been recognized as a chief malaria vector in southern Iran \[[@B20], [@B18]\] and recently it has been shown that this species has high fitness to transmit *Plasmodium vivax* in Baluchestan area \[[@B3]\]. Previous studies in India also showed that this species plays a major role in malaria transmission in continental India because of its predominantly domestic habits and its behavior \[[@B7]\]. Although *An. stephensi*is primarily a zoophilic species, considerable variability in AI has been reported. For example, in Kolkata, an urban area, AI for this species may reach 100% \[[@B14]\] but in our previous study in Kahnouj District, Kerman province, we observed that the AI was as 0.5% for this species \[[@B2]\] while in the present study the AI reached 19.8%. Kerman province located in north of Zagrus Mountain ranges are with different environment while the south of the mountain ranges (the study areas) is influenced by Oman Sea weather. Therefore, there is significant change in environment as well as inhabitant behavior. This variation of AI may be due to several factors such as environmental impacts and host availability in different provinces with different climate.

In our study, *An*. *fluviatilis* had a high AI with less abundant. *An. fluviatilis*is now recognized as a species complex comprising at least three sibling species---species S, T, and U \[[@B35]\] but only species T has been reported from Iran \[[@B24]\]. In spite of that species T has been regarded as poor or nonvector in India \[[@B25]\], but it is considered as a main vector in south and southern Iran, Pakistan, and Nepal \[[@B24], [@B30]\].

It was noted that species T is highly susceptible to malaria sporogony in the laboratory \[[@B1]\]. However, this species is a wild species in Iran and the adult uses any small cavities in the foothill as resting places \[[@B8], [@B12]\]. The ratio of gravid to semigravid female *An*. *fluviatilis* was comparatively higher in outdoor places ([Table 2](#tab2){ref-type="table"}). It indicates that this species is more exophilic than others. In spite of that this behavior was relatively changed during Winter and population of*An*. *fluviatilis* increased in indoor places ([Figure 2](#fig2){ref-type="fig"}). It appears that exophilic behavior of*An*. *fluviatilis* is seasonal dependent and by decreasing temperature, they stay in animal sheds and human dwellings. Similarly, it is reported that environmental impacts influence on resting behavior of *An*. *fluviatilis* as well as feeding behavior in some provinces of India \[[@B28], [@B7], [@B26]\]. In addition, by using indoor shelters during cold or mild periods, this species had more contact with humans and therefore it fed throughout the year on humans. Thus, this mosquito can potentially be responsible for maintaining malaria during Winter in south/southern Iran.

In the present study, the majority of *An*. *culicifacies* was collected in east regions of study area. This mosquito, as well as *An. stephensi* and *An*. *fluviatilis,* is responsible for malaria transmission in southeastern Iran \[[@B38]\]. *An*. *culicifacies* is reported predominantly as a zoophilic mosquito in India \[[@B7]\]. However, we found that this species had relatively low tendency to human blood and mostly fed in July. In addition, based on the ratio of abdominal condition (G,SG/F,E) this species preferred both indoor and outdoor places. Comparable behavior has been also reported from many parts of India \[[@B7]\]. Its greatest abundance of *An*. *culicifacies* was observed in March when the temperature of area was mild, while the maximum AI occurred in July when the average temperatures of local area reached 35--40°C. There may be biotic factors plus environmental impact created anthropogenic environmental modification and impressed diversity in feeding behavior; *An*. *culicifacies* fed most obligatory on human blood. However, we could not find positive correlation between anthropophilic index and population density.

*An*. *d\'thali* has a wide distribution in the foothill areas in southern Iran and is also recognized as a secondary vector for malaria. The first report of sporozoite infection within salivary glands of*An*. *d\'thali* was in Bandar-Abbas district, southern Iran in 1972 when malaria was highly epidemic in that area \[[@B19]\]. We found that 30.11% of the population of*An*. *d\'thali* was positive to human blood and all captured from indoor places. Adults of this species are very sensitive to light and early disturbed by torch light, this may be the reason we did not collect the adults from outdoor shelters using an aspirator and torch light. Based on abdominal appearance among the collected adults ([Table 2](#tab2){ref-type="table"}), this species had a greater tendency to rest in outdoor shelters. However, *An*. *d\'thali* fed on human blood during the year though its AI increased during Spring and Autumn when temperature was mild and the inhabitants did not use air-conditioning in their house without net protection. Thus, the householders\' sleeping behavior provides an opportunity for this mosquito to feed on humans too.

In general, although prevalence of malaria in southern Iran is determined by many factors, our findings indicate that the seasonal activities, anthropophilic behavior, and resting preference of these main vectors favor malaria transmission. In addition, even though some developmental modification, such as supplying electricity to southern Iran, has changed the sleeping behavior of the inhabitants by using air-conditioning and resting inside, they did not significantly influence mosquito and human contact as we observed overall a prevalence of 22.7% human blood among fed females. Even some opportunistic species such as *An*. *culicifacies* which feeds preferentially on cattle, still can be diverted easily to human blood. Thus environmental conditions and lack of knowledge, plus behavior of residents in rural area of southern Iran provide favorable situation for malaria vector to access to human blood.

At present, vector control activities in the area are mainly restricted to indoor residual spraying (IRS) in selected endemic localities with pyrethroids, larviciding with *Bacillus thuringiensis,* and more recently distributing insecticide-impregnated bed nets by health local authorities \[[@B21]\]. The data of present study show that all species used both outdoor and indoors places for resting ([Table 2](#tab2){ref-type="table"}), therefore, indoor residual spraying may alter behavior of the vectors to rest outdoors. Thus, personal protection can more valuable and reduce AIs in Hormozgan and Baluchestan areas. To achieve this purpose, the communities must be encouraged to use mosquito net correctly. Therefore, local health authorities have to educated resident, and consequently, for evaluating the intervention and change in sleeping behavior, survey on anthropophilic index of vectors is so essential.

The current national action plan is for total elimination of malaria in Iran \[[@B31]\]. Therefore, to achieve this plan, a precise program which covers all aspects of interactions among vector, humans, and the environment must be additional. In conclusion, south and southeast of Iran have been earmarked for malaria elimination and corroding to data of present study using mosquito nets is more effective and should be highly considered for control of malaria in these areas.
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###### 

Analysis of anthropophilic index of anopheline vectors according to type of resting places in south and southeastern Iran (the malaria endemic area) during study 2007-2008.

  Species              No. of blood meals         Resting site                                         
  -------------------- -------------------- ----- -------------- ------------ ------------ ----------- ------------
  *An. stephensi*      90                   389   479            95 (19.8%)   26 (5.4%)    20 (4.2%)   49 (10.2%)
  *An. culicifacies*   57                   381   438            72 (16.4%)   12 (2.7%)    13 (3.0%)   47 (10.7%)
  *An. fluviatilis*    21                   123   144            54 (37.5%)   15 (10.4%)   11 (7.6%)   28 (19.4%)
  *An. d\'thali*       5                    254   259            81 (30.1%)   0            6 (2.2%)    75 (27.9%)

###### 

Abdominal condition of female mosquitoes based on collecting sites in south and southeastern Iran.

  Species              Indoor collections   G, SG/F, U (indoors) a   Outdoor collections   G, SG/F, U (outdoors) b   Outdoors/Indoors a/b         
  -------------------- -------------------- ------------------------ --------------------- ------------------------- ---------------------- ----- ------
  *An. stephensi*      534 (18.5%)          2361 (81.5%)             4.4                   133 (25.8%)               383 (74.2%)            2.9   0.65
  *An. culicifacies*   278 (24.0%)          837 (75.0%)              3.0                   39 (15.3%)                216 (84.7%)            5.5   1.85
  *An. fluviatilis*    279 (31.4%)          609 (68.6%)              2.2                   22 (12.0%)                161 (87.0%)            7.3   3.35
  *An. d\'thali*       455 (29.3%)          1099 (70.7%)             2.4                   27 (12.9%)                183 (87.1%)            6.8   2.80

F: Fresh Fed female mosquito.

U: Unfed female mosquito.

G: Gravid female mosquito.

SG: Semigravid female mosquito.
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